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BASIC-ABSTRACT: The memory cell has a tunneling oxide film 
(55) formed in the 

upper portion of a source-drain area (45,47) which is in 
contact with a trench. 

An insulating film (43) is formed on the surface of a 
semiconductor substrate 

(41) excluding the trench and tunneling oxide film a 
floating gate (57) is 

formed on the insulating film portion, located on the upper 
portion of the 

source-drain area, a gate oxide film (53) and the tunneling 
oxide film. y 

A spacer (59) is formed on the respective insulating film 
portions on both 

aides uf Lhe riudllng gate. — A dielectric film (61) is 

formed on the respective 

surfaces of the floating gate and spacers. A gate (63) is 
formed on the 
dielectric film. 

ADVANTAGE - Enables interruption of leakage current flow 
from drain area to 

substrate caused by generation of high potential difference 
between drain area 

and gate. Provides satisfactory surface shape of memory 
cell . Simplifies 

processing of memory cell by eliminating field oxide-film 
etching process. 
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EQUIVALENT -ABSTRACTS: The memory cell has a tunneling oxide 
film (55) formed in 

the upper portion of a source-drain area (45,47) which is 
in contact with a 

trench. An insulating film (43) is formed on the surface 
of a semiconductor 

substrate (41) excluding the trench and tunneling oxide 
film. a floating gate 

(57) is formed on the insulating film portion, located on 
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the upper portion of 

the source-drain area, a gate oxide film (53) and the 
tunneling oxide film, 



A spacer (59) is formed on the respective insulating film 
portions on both 

sides of the floating gate. A dielectric film (61) is 
formed on the respective 

surfaces of the floating gate and spacers. A gate (63) is 
formed on the 
dielectric film. 

ADVANTAGE - Enables interruption of leakage current flow 
from drain area to 

substrate caused by generation of high potential difference 
between drain area 

and gate. Provides satisfactory surface shape of memory 
cell . Simplifies 

processing of memory cell by eliminating field oxide-film 
etching process. 

US 5953602A 

Tho memory cell ha a ct Lumiellllij Oxide film (55) formed in 
the upper portion of 

a source-drain area (45,47) which is in contact with a 
trench . An insulating 

film (43) is formed on the surface of a semiconductor 
substrate (41 ) excluding 

the trench and tunneling oxide film. a floating gate (57) 
is formed on the 

insulating film portion, located on the upper portion of 
the source-drain area, 

a gate oxide film (53) and the tunneling oxide film. 

A spacer (59) is formed on the respective insulating film 
portions on both 

sides of the floating gate. A dielectric film (61) is 
formed on the respective 

surfaces of the floating gate and spacers. A gate (63) is 
formed on the 
dielectric film. 

ADVANTAGE - Enables interruption of leakage current flow 
from drain area to 

substrate caused by generation of high potential difference 
between drain area 

and gate. Provides satisfactory surface shape of memory 
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cell . Simplifies 

processing of memory cell by eliminating field oxide-film 
etching process. 
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1. Title of the Invention : EE PROM CELL AND ITS MANUFACTURING 

METHOD 

2 . Claims 

1. An EEPROM cell, characterized by consisting of a first 
electroconductive type semiconductor substrate having a channel 
region, a trench with a fixed depth formed in the channel region 
of the above-mentioned substrate, first spacers formed at both 
side walls at the inside of the above-mentioned trench, a gate 

Oxide film formed on the* hot- t-om fare* of t-hn frnnrh hnl-wn.n.n ^hr > _ 

first spacers, second conductive type source /drain regions formed 
at the outside of the trench and on the substrate of the bottom 
face, a tunneling oxide film formed on the substrate of the upper 
part of the drain region in contact with the above-mentioned 
trench, an insulating film formed on the entire surface of the 
substrate except for the above-mentioned trench and tunneling 
oxide film, a floating gate formed on the insulating film of the 
upper part of the source region, the gate oxide film of the upper 
part of the trench, and the tunneling oxide film, second spacers 
formed on the insulating film at both sides of the floating gate, 
a dielectric film formed on the surface of the floating gate and 



1 Numbers in the margin indicated pagination in the foreign 

text . 
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the second spacers, and a control gate formed on the dielectric 
film. 

2. The EE PROM cell of Claim 1, characterized by the fact 
that an oxide film is used as the insulating film. 

3. The EE PROM cell of Claim 1, characterized by the fact 
that the source and drain region is an embedded type with a 
junction depth relatively greater than the depth of the above- 
mentioned trench. 

4. A method for manufacturing an EEPROM cell, 
characterized by consisting of a step that forms an insulating 
film on a first electroconductive type semiconductor substrate, a 
step that leaves a photoresist film on the insulating film except 
for the payt in whi r . h . source/drain regions arc to be formed by a 
photoetching process, a step that ion-implants second 
electroconductive type impurities into a substrate using the 
photoresist film as a mask and forms second electroconductive 
source region and drain region with a fixed junction depth at a 
mutually fixed interval in the semiconductor substrate, a step 
that forms a trench with a fixed depth by etching the substrate 
between the source/drain regions including part of the above- 
mentioned source/drain regions, a step that forms first spacers 
in the side walls of the trench by spreading the insulating film 
over the entire surface of the substrate and applying an 
anisotropic etching to it, a step that forms a gate oxide film on 
the bottom face of the trench between the above-mentioned first 
spacers, a step that forms a tunneling oxide film at the upper 



part of the drain region adjacent to the above-mentioned first 
spacers , a step that forms a floating gate on t he tunneling oxide 
film and the insulating gate of the upper part of the 
source/drain regions including the trench, a step that forms 
second spacers on the insulating film at both sides of the 
floating gate by spreading the insulating film over the entire 
surface of the substrate and applying the anisotropic etching to 
it, a step that forms a dielectric film of a capacitor on the 
surface of the floating gate and the second spacer, and a step 
that forms a control gate on the dielectric f ilm . 

5. The method for manufacturing an EE PROM cell of Claim 4, 
characterized by the fact that the junction depth of the above- 

mentioned source/drain regi o n^ is rftiafnmiy g^ii-nr t-hnn thr* 

depth of the above-mentioned trench. 

6. The method for manufacturing an EEPROM cell of Claim 4, 
characterized by the fact that after forming the trench, the ion 
implantation process to the substrate is added to adjust the 
threshold . 

7. The method for manufacturing an EEPROM cell of Claim 4, 
characterized by the fact that an oxide film is used as the 
insulating film. 

8. The method for manufacturing an EEPROM cell of Claim 4, 
characterized by the fact that the step for forming the above- 
mentioned tunneling oxide film includes a step that spreads a 
photoresist film over the entire surface of the substrate, a step 
that exposes the insulating film by removing the photoresist film 
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on the drain region adjacent to the first spacer, a step that 
exposes the substrate of the upper part of t he drain region by 
removing the exposed insulating film using the above-mentioned 
photoresist film as a mask, a step that forms the tunneling oxide 
film on the exposed substrate of the upper part of the drain 
region by an oxidizing process. 

9. An EEPROM cell, characterized by consisting of a first 
elect roconductive type substrate having second electroconductive 
type source/drain regions separated at a mutually fixed interval 
and a channel region formed between the above-mentioned 
source/drain regions, a trench with a depth formed in the channel 
region of the substrate, and a gate region formed on the upper 

part o f the above-mentioned tr e p^H ?mr\ part nf it lnnnt t.ho 

above-mentioned source region. 

10. The EEPROM cell of Claim 9, characterized by the fact 
that first spacers formed at both side walls at the inside of the 
trench are further included. 

11. The EEPROM cell of Claim 9, characterized by the fact 
that a tunneling oxide film in contact with the above-mentioned 
trench is further included between the drain and the gate 
regions . 

12. The EEPROM cell of Claim 9, characterized by the fact 
that second spacers that respectively contact with each side wall 

of the gate region and are formed on part of at least one region 
of the above-mentioned source/drain regions are further included. 
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3 . Detailed explanation of the invention 
[0001] 

(Industrial application field) 

The present invention pertains to a nonvolatile 
semiconductor memory device. In particular, it pertains to an 
EEPROM cell, which prevents a leak current when erasing and can 
improve the surface shape of the cell, and its manufacturing 
method. 
[0002] 
(Prior art) 

Figures 1(A) -(H) are manufacturing process diagrams of a 
conventional EEPROM cell. As shown in Figure 1(A), an oxide film 

1 3 and a nitride film 15 are* se g pom-ially vapnr-rinpnnil-nri nr i n p 

type semiconductor substrate 11, and part of a substrate 11 is 
exposed by removing the oxide film 13 and the nitride film 15 at 
the position where a source region of an EEPROM cell is formed. 
[0003] As shown in Figure 1(B), using the oxide film 13 and the 
nitride film 15 as masks, n + type impurities are ion-implanted 
into the exposed part of the substrate 1 and subjected to an 
ordinary field oxidizing process, so that a n + type source region 
17 and a first field oxide film 19 are formed. All the remaining 
nitride film 15 and oxide film 13 are sequentially removed. 
[0004] As shown in Figure 1(C), an oxide film 21 and a nitride 23 
are sequentially vapor-deposited again on the semiconductor 
substrate 11, and the oxide film 21 and the nitride film 23 of 
the part in which a drain region of the EEPROM cell is to be 
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formed are removed, and the substrate 11 of the part in which the 
drain region is to be formed is exposed. 

[0005] As shown in Figure 1(D), using the oxide film 21 and the 
nitride film 12 as masks, n + type impurities are ion-implanted in 
the exposed part of the substrate 11 and subjected to an ordinary 
field oxidizing process, so that a n + type drain region 25 and a 
second field oxide film 27 are formed. These n + type drain 
region 25 and second field oxide film 27 are formed at a fixed 
interval from the n + type source region 17 and the first field 
oxide film 19 formed in the previous process on the substrate 11. 
The remaining nitride film 23 and oxide film 21 are sequentially 
removed, and the entire surface of the substrate except for the 

part in which the above-mentioned first and second field oxide 

films 19 and 27 are formed is exposed. 

[0006] As shown in Figure 1(E), a gate oxide film 29 is formed on 
the surface of the substrate 11 exposed, and as shown in Figure 
KF), part of the field oxide film 27 formed in the upper part of 
the n* type drain region 25 is removed, so that a tunneling oxide 
film 31 is formed. In order to form the tunneling oxide film 31, 
the part corresponding to the central part of the drain region 25 
of the second field oxide film 27 is removed by a fixed thickness 
and leaves as a thin film. Thus, the tunneling oxide film 31 is 
formed. 

[0007] As shown in Figure 1(G), a floating gate 33 as a first 
gate of the EE PROM cell is formed between the first field oxide 
film 19 and the second field oxide film 27 including the 



tunneling oxide film by vapor-depositing and patterning a 

polysilicon film on the entire surface of the sub strate . 

[0008] Finally, as shown in Figure 1{H), a dielectric film 35 is 
formed on the exposed surface of the floating gate 33, and a 
control gate 37 composed of a polysilicon film is formed as a 
second gate of the EEPROM cell on the dielectric film 35. Thus, 
the conventional EEPROM cell can be obtained. 
[0009] Writing and erasing operations of the above-mentioned 
conventional EEPROM cell are explained along with Figure 2. 
First, when writing and programming , a high voltage is applied to 
a voltage applying terminal (V CG ) of the control gate 37, and a 
low voltage (ground potential) is applied to a voltage applying 

ter minal (V D ) of the drain region 25. At that timo, — a voltage 

applying terminal (V s ) of the source region 17 is applied with a 
low voltage or floated. In accordance with the voltage being 
applied, electron-hole pairs are formed in the channel region 
between the source/drain regions 17 and 25, and the electrons 
generated in the channel region are implanted into the drain 
region 25 by the potential difference between the control gate 37 
and the drain region 25 and tunneled to the floating gate 33 via 
the tunneling oxide film 31 . As the electrons tunneled are 
cumulated in the floating gate 33, the threshold of the EEPROM 
cell is increased . 

[0010} On the other hand, when erasing, a low voltage (ground 
voltage) is applied to the voltage applying terminal (V CG ) of the 
control gate 37, a high voltage is applied to the voltage 
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applying terminal (V D ) of the drain region 25, and the voltage 
applying terminal (V s ) of the source region 17 is floated. 
[0011] Therefore, the electrons cumulated in the floating gate 33 
by the potential difference between the control gate 37 and the 
drain region 25 slip to the drain region 25 through the tunneling 
oxide film 31. At that time, the electrons slip to the drain 
region 25 from the floating gate 33, so that the potential 
difference being exerted at both terminals of the tunneling oxide 
film 31 is decreased as shown in Figure 3. 
[0012] 

(Problems to be solved by the invention) 

However, if the thickness of the second field oxide film 27 

of the upper part of the drain region 75 nf the above mentioned 

conventional EE PROM cell is thin, a depletion region 39 is formed 
between the tunneling oxide film 31 and the tunnel region, that 
is, in the drain region 25 of the lower part of the second field 
oxide film 27 by a large potential difference between the drain 
region 25 and the control gate 37 when erasing. Therefore, since 
the holes generated in the drain region 25 of the lower part of 
the tunneling oxide film 31 were implanted into the substrate by 
a strong electric field, a leak current flowed between the 
substrate 11 and the drain region 25. 

[0013] Also, in order to form a thick field oxide film, the field 
oxidizing process had to be carried out twice, and in order to 
form a thin tunneling oxide film, an etching process for etching /4 
the field oxide film to a fixed thickness had to be carried out 



so that the processes were complicated. 

[0014] The present invention solves the problems of the above- 
mentioned prior art, and its purpose is to provide an EEPROM 
cell, which can prevent a leak current between a substrate and a 
drain region when erasing, and its manufacturing method. 
[0015] Another purpose of the present invention is to provide an 
EEPROM cell, which can improve the surface shape of the cell by 
forming source and drain regions in an embedded shape without 
forming a thick field oxide film in the source/drain regions, and 
its manufacturing method. 

[0016] Another purpose of the present invention is to provide an 
EEPROM cell, which can form an embedded source/drain and a 

tunneling oxide fil m by a simple pr n<"^-^ r ^nd i fq manufacturing — 

method. 
[0017] 

(Means to solve the problems ) 

In order to achieve the above-mentioned purposes, the 
present invention provides an EEPROM cell consisting of a first 
electroconductive type semiconductor substrate having a channel 
region, a trench with a fixed depth formed in the channel region 
of the above-mentioned substrate, first spacers formed at both 
side walls at the inside of the above-mentioned trench, a gate 
oxide film formed on the bottom face of the trench between the 
first spacers, second conductive type source/drain regions formed 
at the outside of the trench and on the substrate of the bottom 
face, a tunneling oxide film formed on the substrate of the upper 
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part of the drain region in contact with the above-mentioned 
trench, an insulating film formed on the entire surface of the 
substrate except for the above-mentioned trench and tunneling 
oxide film, a floating gate formed on the insulating film of the 
upper part of the source region, the gate oxide film of the upper 
part of the trench, and the tunneling oxide film, second spacers 
formed on the insulating film at both sides of the floating gate, 
a dielectric film formed on the surface of the floating gate and 
the second spacers, and a control gate formed on the dielectric 
film. 

[0018] Also, the present invention provides a method for 
manufacturing an EEPROM cell consisting of a step that forms an 

insulating film on a first electmmnd n ^i- -i ^ -j-ypa gnmimnHim^r 

substrate, a step that leaves a photoresist film on the 



insulating film except for the part in which source/drain regions 
are to be formed by a photoetching process, a step that ion- 
implants second electroconductive type impurities into a 
substrate using the photoresist film as a mask and forms second 
electroconductive source region and drain region with a fixed 
junction depth at a mutually fixed interval in the semiconductor 
substrate, a step that forms a trench with a fixed depth by 
etching the substrate between the source/drain regions including 
part of the above-mentioned source/drain regions, a step that 
forms first spacers in the side walls of the trench by spreading 
the insulating film over the entire surface of the substrate and 
applying an anisotropic etching to it, a step that forms a gate 



11 



oxide film on the bottom face of the trench between the above- 
mentioned first spacers, a step that forms a tunn eling oxide film 
at the upper part of the drain region ad j acent to the above- 
mentioned first spacers, a step that forms a floating gate on the 
tunneling oxide film and the insulating gate of the upper part of 
the source/drain regions including the trench, a step that forms 
second spacers on the insulating film at both sides of the 
floating gate by spreading the insulating film over the entire 
surface of the substrate and applying the anisotropic etching to 
it, a step that forms a dielectric film of a capacitor on the 
surface of the floating gate and the second spacer, and a step 
that forms a control gate on the dielectric film. 

[0019] ■ 

(Application example) 

Next, an application example of the present invention is 
explained based on the attached figures. Figure 4 is a sectional 
structural diagram showing the EEPROM cell of an application 
example of the present invention. As shown in Figure 4, in the 
EEPROM cell of the present invention, a trench with a fixed depth 
is formed in a channel region of the p type substrate 41, first 
spacers 52 are formed at both side walls of the inside of the 
trench, and a gate oxide film 53 is formed on the bottom face of 
the trench between the spacers 52. Embedded n + type source/drain 
regions 45 and 47 with a junction depth relatively deeper than 
the depth of the trench are formed on the substrate 41 of the 
outside of the trench, a thin tunneling oxide film 55 is formed 
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in the upper part of the drain region 47, and an oxide film 53 is 

formed as an insulating film on the entire surface of the 

"Substrate 41 except for the trench and the tunneling oxide film 
55. Then, a floating gate 57 is formed between the source region 
45 and the drain region 47 including the tunnel oxide film, 
second spacers 59 are formed at both sides of the floating gate 
57, a dielectric film 61 is formed on the surface of the floating 
gate 57 and the second spacers 59, and a control gate 63 is 
formed on the dielectric film 61. 

[0020] Erasing, writing, and reading operations of data of the 
EEPROM cell with the above-mentioned structure are explained. 
First, in the EEPROM cell of the present invention, at a time of 

a writing operation, a high voltage is ap p l i ^d to 3 *-^g^ 

applying terminal (V CG ) of the control gate 63 as a second gate 
of the EEPROM cell, a low voltage is applied to a voltage 
applying terminal (V D ) of the drain region 47 , and a voltage 
applying terminal (V s ) of the source region 45 is floated. 
Therefore, electrons generated in the channel region of the lower 
part of the trench by the potential difference between the drain 
region 47 and the control gate 63 are implanted into the drain 
region 47 , and the electrons of the drain region 4 7 are tunneled 
and cumulated in the floating gate 57 via the thin tunneling 
oxide film 55 of the upper part of the drain region 4 7 . 
[0021] At a time of an erasing operation, a low voltage is 
applied to the voltage applying terminal (V CG ) of the control 
gate 63 as a second gate of the EEPROM cell, a high voltage is 
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applied to the voltage applying terminal (V D ) of the drain region 
47, and the voltage applying terminal (V s ) of the source region 
45 is floated. Therefore, the electrons cumulated in the 
floating gate 57 by the potential difference between the drain 
region 47 and the control gate 63 slip to the drain region 47 via 
the tunneling oxide film 55. At that time, even if a high 
potential difference is generated between the drain region 47 and 
the control gate 63, since the first spacers 52 are formed at the 
inner walls of the trench in contact with the floating gate 57 
and the drain region 47, a leak current can be prevented from 
flowing to the substrate 41 from the drain region 47. 
[0022] Then, at a time of a data reading operation, each fixed 

voltage is a pplied to the voltage app lying i-prmin^1s — (.y^ — a**d: 

(V s ) of the drain and source regions so that a static potential 
difference may be held between the drain region 47 and the source 
region 45, and a fixed voltage in the range where the potential 
difference between the drain region and the control gate is not 
tunneled from the drain region to the floating gate 57 via the 
tunneling oxide film 55 is applied to the voltage applying 
terminal (V CG ) of the control gate. In this state, the current 
flowing to the cell is detected, and the data are read out. 
[0023] In the above-mentioned EE PROM cell, the source/drain 
regions 4 5 and 4 7 are formed in an embedded shape, and the gate 
oxide film 53 is formed in the trench between the source/drain 
regions 45 and 47. At the same time, the floating gate 57 and 
the control gate 63 are formed in the upper part of the trench. 
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Thus, a good surface shape of the EE PROM cell is obtained. 

[0024] Figures 5 (A) -(J), as shown in Figure 4, show manufacturing 



process diagrams of the EE PROM cell of the present invention. As 
shown in Figure 5(A), an oxide film 43 is formed as an insulating 
film on a p type semiconductor substrate 41, a photoresist film 
44 is spread on the oxide film 43, and the substrate is exposed 
by removing the photoresist film 44 of the part in which 
source/drain regions are to be formed. Using the photoresist 
film 44 as a mask, n + type impurities are ion-implanted into the 
exposed substrate. Thus, n + type source region 45 and drain 
region 4 7 are formed at a fixed interval in the semiconductor 
substrate. At that time, the source/drain regions 45 and 47 have 
a fixed junction depth. The remaining phpi 



removed. 

[0025] As shown in Figure 5(B), a trench 49 is formed by etching 
the oxide film 43 between the source/drain regions 45 and 47 and 
the semiconductor substrate 41. The trench 49 has an etching 
depth smaller than the junction depth of the above-mentioned 
source/drain regions 45 and 47 and includes part of the 
source/drain regions 45 and 47. The substrate of the lower part 
of the trench region 4 9 becomes a channel region . 
[0026] As shown in Figure 5(C), an insulating film 51 is formed 
over the entire surface of the substrate, and as shown in Figure 
5(D), first spacers 52 are formed in the side walls of the trench 
formed in the source/drain regions 45 and 47 by an anisotropic 
etching. The substrate corresponding to the channel region is 
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exposed by the formation of the first spacers 52 . Impurities fQr 
adjusting the threshold are ion-implanted into the channel region 
of the substrate. 

[0027] As shown in Figure 5 (E) , a gate oxide f . lm 53 ^ ^ 
the above-mentioned exposed substrate. As shown in Figure 6(F), 
a photoresist film 54 is spread over the entire surface of the 
substrate, and the oxide film 43 is exposed by removing the 
Photoresist film 54 of the upper part of the drain region 47. 
The substrate of the upper part of the drain region 47 is exposed 
by removing the oxide film 43 exposed, so that the photoresist 
film 54 is removed. 

[0028] Next, as shown in Figure 6(G), a thin tunneling oxide film 
55 is formed on the exposed substrate by fln pairing precox. 

[0029] As shown in Figure 6(H), a polysilicon film is spread and 
patterned on the entire surface of the substrate, so that a 
floating gate 57 is formed on the tunneling oxide film 55 and 
the oxide film 43 of the upper part of the source/drain regions 
45 and 47 including the trench 49. 

[0030] As shown in Figure 6(1), an insulating film is spread over 
the entire surface of the substrate and subjected to the 
anisotropic etching, so that second spacers 59 are formed on the 
oxide film 43 at both sides of the floating gate 57. 
[0031] As shown in Figure 6 (J), after forming the side wall 
spacers 59 of the floating gate, a dielectric film 61 of a 
capacitor is formed on the surface of the floating gate 57 and 
the side wall spacers 59, and a control gate 63 is formed on it, 
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so that the EEPROM cell of the present invention is completed 
[0032] 



(Effects of the invention) 

According to the above-mentioned present invention, the 
trench is formed between the tunnel oxide film and the drain 
region in which a large potential difference is generated when 
erasing, and the side wall spacers are formed in the trench, so 
that a leak current can be prevented from flowing from the drain 
region 47 to the substrate by the generation of a high potential 
difference between the drain region and the control gate . 
[0033] Also, in the above-mentioned EEPROM cell, the source/drain 
regions are formed in an embedded shape, and the gate oxide film 
is formed in the trench between the spp^^ /Hr-p -i n -rnrjinnn AL the 



same time, the floating gate and the control gate are formed in 
the upper part of the trench . Thus , a good surface shape of the 
EEPROM cell can be obtained. Furthermore, since the conventional 
complicated field oxidizing process and field oxide film etching 
process for forming the tunneling oxide film are excluded, the 
process can be simplified. 

4 . Brief description of the figures 

Figure 1 is a manufacturing process diagram of a 

conventional EEPROM cell. 

Figure 2 explains erasing and writing operations of the 

EEPROM cell of Figure 1. 

Figure 3 is a voltage waveform diagram at a time of writing 
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and erasing operations of the EEPROM cell of Figure 1. 

Figure 4 is a cross section showing the EEPROM cell of an 
application example of the present invention. 

Figure 5 is a manufacturing process diagram of the EEPROM 
cell of Figure 3. 

Figure 6 is a manufacturing process diagram of the EEPROM /6 
cell of Figure 3. 
Explanation of numerals: 
41 Semiconductor substrate 
42, 54 Photoresist films 
43 Insulating film 
45, 47 Source/drain regions 
49 Trench 

51 Insulating film for spacers 

52 First spacer 

53 Gate oxide film 

55 Tunneling oxide film 
57 Floating gate 
59 Second spacer 
61 Dielectric film 
63 Control gate 
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